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ABSTRACT 
 
Decision-making in emergency situations is characterized by its speed, pressure, and especially the uncertainty 
of information. Uninformed decisions or decisions based on unreliable data may lead to inappropriate actions. 
Although several studies that aim to combine different databases and provide full information to emergency 
response operation commanders can be found, only few of them are dedicated to radiological emergencies 
situations and even less are those that aim to provide support for the emergency first responder. We developed a 
system to support first responders to deal with radiological emergencies using cognitive task analysis techniques 
to elicit the tacitly knowledge of practitioners to grasp what information is really needed during radiological 
emergency response. 
 
1. INTRODUCTION 
 
Radiation and radioactive material have many beneficial applications, including uses in 
medicine, industry, agriculture and research. However uncontrolled exposure of tissues or 
organs to ionizing radiation can induce the death of cells on a scale that can be extensive 
enough to impair the function of the exposed tissue or organ.  
Radiological emergencies are those emergencies involving radioactive material that can occur 
anywhere and include abandoned, lost, stolen or found radioactive sources; misuse of 
radioactive industrial and medical sources (e.g. those used in radiography); public exposures 
and contamination from unknown origins; malicious threats/acts involving radioactive 
materials; and transport emergencies (IAEA, 2010) requiring immediate measures to avoid or 
reduce damage. As in other emergency situations, the severity of a radiological emergency 
may range from minor exposures that can be handled locally by individuals or small groups 
to situations requiring the setup of emergency command and control systems, and even 
international assistance.  
The response to a radiological emergency involving potential public exposure is based on 
command posts close to highly affected areas. This procedure aims to increase the 
information availability for command decision-making through greater proximity to 
operations. This proximity, however, reduces but does not eliminate the need of correct and 
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prompt situation assessment and the difficulties related to time pressure and uncertainty 
(Engelbrecht, 2010). 
The objective of this research is to develop a mobile computer system to provide practical 
guidance for those responding within the first few hours of a radiological emergency (called 
first responders). This includes the emergency service personnel who would initially respond 
at the local level, and the people who would support this early response. 
2.1. Radiological emergency response 
 
Our senses (e.g. smell or sight) are not able to detect radiation. Therefore, the initial response 
must be carried out based on secondary indications of the hazards such as labels, signs 
indicating the presence of a hazardous material, the appearance of medical symptoms in 
exposed individuals, or readings from radiation detectors.  The major goals of the response 
are the same of other emergencies (like chemical emergencies), to protect the public and the 
emergency personnel during response. However, there are some differences in radiological 
emergencies such as the responders generally have no experience with radiation emergencies 
as they are very rare; even very low levels of radiation, that pose no significant risk, can be 
detected rapidly with simple, commonly available instruments; radioactive materials can 
cause radiation exposure even when persons are not in contact with them; the health effects 
resulting from radiation exposure may not appear for days, weeks or even years (IAEA, 
2006). 
The first response is triggered by a report of a potential radiological emergency. Such reports 
is received by or referred to a local emergency dispatch center (the response initiator). This 
center will request assistance in assessing threats from the national emergency operations 
center (EOC), and will immediately dispatch local emergency services personnel to the scene 
of the potential emergency. Typically, as shown in Figure 1, this includes law enforcement, 
fire brigade and emergency medical services (ambulance and first aid). The responders have 
to assume that a potential radiological hazard is present until a first responder performs an 
assessment and confirms or rejects that assumption. 
The concept of operations is based on local officials are responsible for the first response; an 
Incident Commander (IC) that  may request and receive support (that has been pre-planned) 
from national level (national teams); and national officials are responsible for national 
response, support to local response and for requesting international assistance if required. 
 
 
3. METHOD 
 
The methodology involved the combined use of Cognitive Task Analysis (CTA) (Crandall, et 
al, 2006) for the identification and formalization of tacit knowledge of experts in radiological 
emergencies. CTA includes various techniques for capture, analysis and representation of 
knowledge suited to this domain, because decision-making in emergency situations are, 
manly, performed based on people’s expertise (Klein, 1989). Naturalistic decision-making 
research pointed out that decision-making in real situations are built upon tacit knowledge 
and expertise that are not easily described and may not appear in the procedures, rules and 
manuals.  
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Figure 1:  First response organization (source IAEA, 2006). 
 
Knowledge acquisition sessions were performed based on 20 Questions technique was used 
to understand how practitioners search for information and how they organize and structure 
them to be used in decision-making. 20 questions consists in presenting a scenario with a few 
details to the interviewed. The respondent must prepare 20 questions which allow him to 
understand the situation and make his decisions. The use of this technique helped the 
respondents to schematize their goals and needs of information, facilitating, also, the division 
by the roles without compromising access for everyone. 
Using CTA we were able to represent skill or expertise, in a number of factors such as mental 
models, conceptual models, the ability to identify important patterns, the ability to distinguish 
typical situations in rare situations, factors that are not formalized and may not appear on 
procedures, rules and manuals. CTA involved experts from various government organizations 
directly involved with emergencies (RJ Civil Defense, Navy, Army, Marines), and especially 
experts in radiological emergencies of Institute of Radiation Protection and Dosimetry (IRD) 
and the Institute of Nuclear Engineering (IEN), both located in Rio de Janeiro. 
Were also analyzed various documents that establish the ground rules and protocols to deal 
with radiological and nuclear emergencies. Moreover, one of the authors of this article 
participated Course Radiological Emergency Assistance is given each year at the Institute of 
Radiation Protection and Dosimetry. 
The objective is to describe the basic requirements for information and communication 
needed for an efficient response to radiological emergencies. Based on this framework a 
support system was developed with a mobile interface type multi-touch screen to allow more 
adequate communication between the first emergency responders and the control team. 
 
 
3. RESULTS AND DISCUSSION  
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Figure 2 presents a model about the objectives of first response in a radiological emergency. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  First response objectives model. 
 
Based on that model the mobile device include elements such as procedures, guides, tables 
used by first responders to assist in the diagnosis of these situations, providing better 
visibility of the prior information needed. Additionally, it presents information showing 
current aspects of the situation in situ during the initial data collection, reducing the 
emergency response time. The system supports the initial phase of the response, structuring 
the process of collecting data, the preparation of the response (guides, standards, tables, site 
maps, diagrams, etc.), and after the response (final reports). as shown below: 
 
• Pre event: inserting tabs, tables, procedures, and other aid in the form of computerized 
order to facilitate the work of the first responders. 
 
• Preparation phase: definition of tasks for the team, choosing perspectives and key 
people, choice of observable variables, the choice of methods of recording. 
 
• Capture phase data: records and storage elements of observation, transcription and 
cataloging records, assisting communication and facilitating collaboration through 
pre-defined messages, addresses key people etc already defined. 
 
• Analysis Phase: Organization of data, sorting records, preformatted reports and 
recommendations. 
 
Table 1 presents some questions related to the assessment/stabilization of the situation of the 
first response based on 20 questions technique.   
 
 
Table 1:  Actions of the first responder to assess the situation in a radiological 
emergency. 
 
 
Perform actions 
to protect the 
public and 
Assessment/stabilizat
ion of the situation 
Minimize the 
radiological 
health  effects  
To provide a 
basis for an 
extended 
To gather and 
store useful 
information  
To establish 
public trust in 
the  response 
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Objective Questions Immediate 
action 
Collaboration to 
define actions 
Assessment/stabilization of 
the situation  
What happened? To describe 
the situation  
 
What is happening now?  Situation 
awareness 
Is there some radiation level? (Yes or 
No) 
 Assess the 
situation 
What is the radiation measured level? Assess the 
situation 
 
What is the activity of the radiation 
source? 
Assess the 
situation 
 
What is the type of the radioactive 
material? 
Assess the 
situation 
 
Was there dispersion of radioactive 
material? (Yes or No) 
 Assess the 
situation 
Is there any treat of contamination 
spread? (Yes or No) 
 Assess the 
situation 
Is there any treat to the environment? 
(Yes or No) 
 Assess the 
situation 
Is there any river, creek, or other means 
where there may be radiation spread? 
(Yes or No)  
Assess the 
situation 
 
What are the risk level / type and level 
of contamination by these means? (no 
risk, low, medium, high) 
 Assess the 
situation 
What is the time limit to stay in the 
site? 
Assess the 
situation 
 
What is the weather situation?  Assess the 
situation 
 
What are the current conditions of the 
site?  
Assess scenario 
Which buildings may be affected? Assess the 
situation 
 
How is the type of terrain? Assess the 
situation 
 
Is the site easily accessible? Assess the 
situation 
 
If site is difficult to access, what is the 
degree of difficulty? 
Assess the 
situation 
 
What is the delimitation of the 
emergency? 
Assess 
scenario 
 
Are there are obstacles in place? (Yes 
or No)         
Assess the 
situation 
 
Are there contaminated people? (Yes or 
No) 
Assess the 
situation 
 
Are there fatal victims? (Yes or No) Assess the 
situation 
 
Are there wounded? (Yes or No) Assess the 
situation 
 
 
It is important to note that some issues have immediate actions and other actions that need a 
collaborative approach. Based on table 1 we adjust the information to support first responder 
actions and to facilitate the collaboration when among members when needed, in order to 
design a mobile system capable of enhance the situational  awareness  during a radiological 
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emergency, providing the adequate information in right time, and avoiding information 
overload, while encouraging collaboration. 
The basic requirements for the mobile computer system to support first response to 
radiological emergency are: 
 
• Allow the registration of those involved in the event (first responders, people in 
command,  local key people in organizations involved in the response). 
 
• Allow the registration and storage of artifacts used by those involved in the response 
(tabs, tables, procedures, standards, tools, and systems needed to process other 
objects). 
 
• Allow the registration of field characteristics, diagrams, charts and maps related. 
 
• Allow the registration of different types of interaction between those involved and / or 
artifacts used previously registered in the response. 
 
• Allow the registration and reporting of field notes, activities, events and disturbances 
in performing tasks. 
 
• Supporting information sharing between first responders and IC. 
 
• Supports the need for special communication between staff at certain times of 
situation assessment. 
 
• Support the division of labor among the agents during the response, including the 
analysis phase. 
 
• Generate reports of logged events: chronological (timeline), reports by event type / 
category, reports on the preparation of data collection. 
 
Figure 3 a and b show some screens already developed. 
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Figure 3a:  Situation assessment screen A Figure 3b:  Situation assessment screen B 
 
 
4. CONCLUSIONS  
 
This article presents requirements for the development of a mobile computer system to the 
first auxiliary mobile transponders radiological emergency. Based on these requirements 
raised by CTA techniques with domain experts, we developed a device that provides this 
plethora of relevant information relating to assess the current situation during a radiological 
emergency, providing to the command and control system field information in one device in 
an organized and easily retrievable manner. The solution presented is intended to support the 
work in the critical moment of the radiological emergency initial response, a situation where 
the people  need to have on hand right information at the right time, thereby providing the 
best response to the situation. The use the system aims to improve system cognition needed to 
cope with the radiological emergencies response such as communication, decision making, 
coordination and error management. An evaluation was made with first responders of 
radiological emergencies in a simulated scenario. They were very receptive to the support 
provided by the system, specially taking into account the nature of the artifacts currently 
available. The main benefits are the overall control of the response, more instantaneous 
updates of information, and their verification, and agility to conduct the response. For them, 
the proposal is consistent with their actual work.  
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